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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates generally to the mooring of oil 
tankers or other vessels in unprotected waters. More 
particularly the invention relates to a mooring system 
which combines a submerged buoyant mooring element 
anchored to the sea bed by catenary lines and a vessel 
provided with hoisting apparatus for raising the mooring 
element into engagement with a mooring recess in the 
bottom of the vessel hull . 

2. Background Aft 

In recent years, numbers of undersea oil and gas 
fields have been developed in offshore areas that are 
subject to extreme weather conditions. Oil or gas is typ- 
ically delivered from a wellhead on the sea floor to a 
semi-permanently moored converted tanker or to a spe- 
cial purpose vessel known as a floating storage and off- 
loading (FSO) vessel or a floating production storage 
and off-loading (FPSO) vessel. These vessels are 
designed to remain on station permanently, unless 
oncoming severe storm or ice floe conditions threaten 
damage to or loss of the vessel. In such an event, the 
vessel is unmoored and sails or is towed away. Upon 
passing of the storm or ice floe condition, the vessel 
returns and is again moored above the wellhead. 

A typical mooring system, such as for example 
described in U.S. Patents No. 4,604,961 and No. 
4,892,495, includes a buoyant mooring element that is 
connected to the wellhead by a flexible pipe and to the 
sea floor by a number of angularly spaced catenary 
lines. The system is arranged so that the weight of the 
portions of the catenary lines that are not resting on the 
sea bottom counteracts the buoyancy of the mooring 
element to maintain it normally at a predetermined sub- 
merged depth, called the stowed position, when no ves- 
sel is moored to it. This assures that the mooring 
element will not be a navigation hazard or be damaged 
by a collision. - 

Mooring is accomplished by pulling the submerged 
mooring element up to the vessel and securing it by 
mechanical means to a rotary turret mounted in a 
recess or well in the bottom of the vessel. This operation 
can take place only in a relatively low sea state. While 
the FSO or the FPSO vessel is away, the well is usually 
shut in; therefore the time required to wait for the sea 
state to subside after the storm has passed is additional 
lost production time from the field. 

Another problem with the present technology is the 
possibility of impact damage to the vessel or the moor- 
ing element during mooring. A relatively long time is 
required to secure the mooring element to the turret 
after the hoist line has brought the mooring element 



close to the vessel bottom; during this time a number of 
rolling and pitching cycles of the vessel may take place 
in even a moderate sea state, and these movements 
can result in multiple collisions between the vessel and 

5 the mooring element. 

Unmooring is accomplished by releasing structural 
connectors under load. This procedure has an inherent 
risk of structural deformation and damage to the moor- 
ing connectors during disconnect. Damage to the 

w mechanical mooring components typically results in 
weeks of downtime, entailing costly oil field production 
shutdowns. 

SUMMARY OF THE INVENTION 

15 

An object of the present invention is to provide an 
improved, mooring system of the above-described type 
that provides rapid and secure engagement of a buoy- 
ant mooring element with a mooring recess in the bot- 
20 torn of a vessel. 

Another object of the invention is to provide an 
improved mooring system that permits release of aJI 
structural connectors prior to initiating the unmooring 
procedure. 

25 Still another object of the invention is to provide a 
mooring element arrangement that reduces the likeli- 
hood of impact damage during the mooring procedure. 

A further object of the invention is to provide a 
mooring system that provides dry access to the mooring 

30 element after it has been secured to the vessel. 

Yet another object of the invention is to provide an 
improved mooring system of the type described that 
permits mooring a vessel in higher sea states than with 
conventional systems. 

35 The above and other objects are achieved by an 
ocean mooring system including 

a vessel having a hull with an annular mooring 
recess in the bottom of the hull; 
40 a buoyant mooring element having an upper part 
that is engageable with the mooring recess in the 
bottom of the hull; 

a plurality of lines connecting the mooring element 
to the ocean floor, the weight of the lines relative to 
45 the buoyancy of the mooring element being such 
that the mooring element assumes an equilibrium 
position at a preselected depth below the bottom of 
the hull; and 

means for hoisting the mooring element from the 
so preselected depth to engagement with the mooring 
recess in the bottom of the hull, wherein the system 
further comprises: 

means for rapidly drawing seawater into the 
55 hull through an intake opening located within 

the mooring recess so as to reduce the down- 
ward hydrostatic pressure acting on the upper 
part of the mooring element as it comes into 
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engagement with the mooring recess. 

Preferably the means for rapidly drawing seawater 
into the hull provides a flow rate sufficient to produce a 
substantial net positive buoyancy condition of the com- s 
bined lines and mooring element as the mooring ele- 
ment engages the submerged bottom portion of the 
hull. 

The means for rapidly drawing seawater from the 
mooring recess into the hull preferably includes a pump, 10 
a first conduit connecting an inlet of the pump to an 
intake opening within the mooring recess and a second 
conduit connecting an outlet of the pump to at least one 
discharge opening remote from the mooring recess. 
This pump advantageously may also function as a bow is 
thruster pump, and the at least one discharge opening 
may comprise two underwater openings on opposite 
sides of the hull near the bow. The second conduit may 
then include means for selectively directing the flow 
from the pump to one discharge opening or the other. 20 

The means for rapidly drawing seawater from the 
mooring recess into the hull may also, or alternatively, 
include a hermetic chamber inside the hull, the chamber 
having a valve opening to the mooring recess in the bot- 
tom of the hull and means for creating a vacuum in the 25 
chamber. The vacuum creating means may comprise a 
vacuum pump, or it may comprise a steam supply line, 
a vent line, and a cold water supply line, with respective 
valves for opening the steam supply and vent lines until 
substantially all air in the chamber has been replaced by 30 
steam, and a valve for opening the cold water supply 
line to condense the steam after the first two valves 
have been shut. 

The means for rapidly drawing seawater from the 
mooring recess may further include an empty hold in 35 
the hull and a valve opening to the mooring recess to 
permit water to drain into the hold. 

The upper part of the buoyant element preferably 
includes at least^one resilient annular member concen- 
tric with the vertical axis of the mooring element, the 40 
resilient annular member making initial contact with the 
mooring recess to cushion any impact between the 
mooring element and the vessel. Preferably the resilient 
annular member makes a circle of sealing contact with 
the bottom of the hull so that the means for rapidly draw- 45 
ing seawater into the hull can pump out the region 
between the bottom of the hull and the upper part of the 
mooring element inside the circle of sealing contact. 

The buoyant mooring element may further include a 
lower part and means for mounting the upper part on so 
the lower part for rotation about a vertical axis of the ele- 
ment, with the lines connecting the mooring element to 
the ocean floor being attached to the lower part so that 
the upper part and the vessel can swivel about the lower 
part when the upper part is engaged with the mooring 55 
recess in the bottom of the hull. 

The upper part preferably includes two concentric 
resilient annular members that make circles of sealing 



contact at locations of the mooring recess that are 
respectively radially inside and radially outside the loca- 
tion of the pump intake and/or the location of the valve 
opening from the hermetic vacuum chamber, so that the 
downward pressure on the upper part of the mooring 
element between the concentric circles of sealing con- 
tact can be reduced to a level possibly as low as the 
vacuum in the hermetic chamber. 

The above and other features and advantages of 
the mooring system of the invention are described in 
detail below in connection with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation view of a vessel partially 
cut away to show a mooring element engaged with a 
mooring recess in the hull of the vessel in a mooring 
system according to the invention. 

FIG. 2 is a side elevational view of the mooring ele- 
ment without the vessel, the mooring element being 
maintained submerged at a preselected depth in an 
equilibrium condition. 

FIG. 3 is a side elevational view of the vessel of 
FIG. 1 partially cut away to show the mooring element 
being hoisted from the preselected equilibrium depth 
towards engagement with the mooring recess in the 
hull. 

FIG. 4 is an enlarged partial side elevational view in 
cross section of the vessel and mooring element of FIG. 
1 showing details of construction of the mooring sys- 
tem. 

FIG. 5 is a still further enlarged side elevational 
view of the buoyant mooring element of FIG. 1 . 

FIG. 6a is an enlarged partial side elevational view 
in cross section, similar to FIG. 4, of the vessel and a 
second embodiment of the buoyant mooring element. 

FIG. 6b is a side elevational view similar to FIG. 3 
showing the mooring element of FIG. 6a being hoisted 
by a flexible pipe lifting cable. 

FIG. 7 is a side elevational view of a service vessel 
with a compressed air line connected to a downward 
facing air trap of the alternative buoyant mooring ele- 
ment of FIG. 6, the mooring element being at the prese- 
lected equilibrium depth. 

FIG. 8 is a side elevational view similar to FIG. 7 but 
with the mooring element raised by compressed air 
introduced into the air trap and floating on the surface of 
the ocean to permit access fa maintenance. 

FIG. 9 is an enlarged partial side elevational view in 
cross section, similar to FIG. 4, of the vessel and a third 
embodiment of the buoyant mooring element. 

FIG. 10 is an enlarged partial side elevational view 
in cross section, similar to FIG. 4, of the vessel and a 
fourth embodiment of the buoyant mooring element. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of the invention is shown in 
FIGS. 1 ■ 5. In FIG. 1 , a vessel, such as a tanker 1 1 , is s 
moored to a buoyant mooring element 12 that is sub- 
merged below the ocean surface 13. The mooring ele- 
ment 12 has an upper part 14 that is engaged with a 
mooring recess 15 in the bottom of the hull 16 of the 
vessel. A lower part 17 of the mooring element is con- 
nected by catenary anchor lines 18 to stake piles 19 
driven into the ocean bottom 20. The stake piles, only 
two of which are shown, are typically spaced in a circu- 
lar array around a wellhead 21 that is also connected, 
by a flexible hose or pipe 22, to the lower part of the 
buoyant mooring element to deliver oil or gas produced 
by the well to a conventional onboard piping system 23 
through a fluid swivel 24 located in a vertical well 25 
extending through the hull. 

FIGS. 2 and 3 illustrate steps in the mooring proce- 
dure that will be discussed after a detailed description of 
the construction of the buoyant mooring element and 
the shipboard components of the mooring system. 

1. The Buoyant Mooring Element 

FIG. 4 shows, on an enlarged scale, the construc- 
tion details of the mooring element 12 in engagement 
with the mooring recess 1 5 in the bottom of the hull and 
the associated parts of the mooring system that are 
contained in the vessel FIG. 5 shows, on an even more 
enlarged scale, the construction of the first embodiment 
of the mooring element. With reference to these figures, 
the upper part 1 4 of the first embodiment of the buoyant 
mooring element is essentially a disk shaped hollow 
tank having a flat annular upper deck 26 surrounding a 
raised f rusto-conical center section 27. 

An outer first ring-shaped resilient member 28, 
shown as an internally pressurized elastomeric tube, is 
secured to the periphery of the upper deck 26. An inner 
second resilient member 29 of identical construction is 
secured to the top of the frusto-conical center section 
27. The first and second ring-shaped resilient members 
are coaxial with a vertical axis of the mooring element, 
the axis being indicated by a dot-dash line 30. 

As will be explained later in connection with the 
description of the mooring procedure, these resilient 
members 28 and 29 serve both to cushion the impact 
between the mooring element and the mooring recess 
in the bottom of the hull of the vessel during mooring 
and to seal the space between the annular upper deck 
and center section of the mooring element and the cor- 
responding portion of the bottom of the vessel hull that 
defines the mooring recess, when the upper part of the 
mooring element is engaged with the mooring recess. 
Angularly spaced radial ribs 31 and 32 act as stops to 
limit the compression of the resilient members when the 
mooring element engages the mooring recess (see 
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FIG. 4). 

The second resilient member 29 surrounds a verti- 
cal passage 33 extending through the upper part 14. 
The lower part 17 of the mooring element includes a 
watertight cylindrical tank 34 having an upper end dis- 
posed in the lower part of passage 33. A combination 
radial and thrust bearing 35 supports the tank 34 in the 
passage 33 for rotation with respect to the upper part 1 4 
about the vertical axis 30. A first rotary seal 36 between 
the outer circumference of the tank and the wall of the 
passage above the bearing and a similar second rotary 
seal 37 below the bearing protect the bearing from sea- 
water. 

A structure 38 extending radially outward from the 
lower portion of the cylindrical tank 34 carries appropri- 
ate means 39 for securing the upper ends of the cate- 
nary anchor lines 18 to the lower part 1 7 of the buoyant 
mooring element. As a result, the lower part 17 main- 
tains a fixed orientation relative to the ocean bottom, 
whereas the upper part 14 is maintained in a fixed ori- 
entation relative to the vessel 1 1 when the vessel 1 1 is 
secured to the mooring element. When the vessel 1 1 
weathervanes in response to current, wind, and waves 
the two parts 14 and 17 of the mooring element can 
rotate relative to one another through the bearing 35. 

To complete the connection from the flexible prod- 
uct supply hose 22 to the onboard piping system 23 
shown in FIG. 1 , a pipe 40 extends through the tank 34 
and terminates in a shutoff valve 41 mounted on top of 
the tank and located in a protective well 42 formed by 
the upper end of passage 33. Also located in this well 42 
is an annular tray 43 that holds a coiled hoisting cable 
44 having a buoyant retrieval line 45 (see FIG. 2) 
attached to its free end. When the mooring element 
submerges to its stowed position, the buoyant retrieval 
line pays out from the tray. A guide shield 46 prevents 
the line from snagging on bitts 47 (only two shown) that 
are spaced circumferentially around the upper end of 
the vertical passage 33. Also spaced circumferentially 
around the vertical passage are several drain pipes 48 
with remotely actuatable valves 49 (two of which are 
shown) that selectively connect the protective well 34 
with the deck 26 of the upper part 14 of the mooring ele- 
ment for a purpose that will be described in connection 
with the mooring procedure. 

2. Shipboard Components of the Mooring System. 

The mooring system of the present invention 
includes several novel components on board the vessel. 
These will now be described, with particular reference 
to FIG. 4, which is a side elevation view in cross section 
of part of the vessel 1 1 near the bow 51 , showing the 
region of the mooring recess 15 with attached mooring 
element 12. 

The term "mooring recess," as used in the specifi- 
cation and claims, encompasses an area of the bottom 
of the hull 16 that is contacted by the upper part of the 
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mooring element, whether or not any portion of this area 
is in fact "recessed" with respect to the bottom surface 
of the hull. Thus, in the embodiment of FIG. 4, mooring 
recess 15 extends radially outward from the axis of the 
vertical well 25 to the contact circle of the outer first 
resilient member 28. It includes a flat annular area 53 of 
the hull bottom opposite to the fiat upper deck 26 of the 
upper part of the mooring element, as well as an 
inwardly tapered portion 54 that mates with the frusto- 
conical center section 27 of the mooring element and 
that terminates in an inner flat annular portion 55 which 
makes sealing contact with the inner second resilient 
member 29. 

As described in the summary of the invention, the 
mooring system comprises means for rapidly drawing 
seawater into the hull through an intake opening located 
within the mooring recess so as to reduce the down- 
ward hydrostatic pressure acting on the upper part of 
the mooring element as it comes into engagement with 
the .mooring recess. In FIG. 4, the vessel 11 contains 
three such means. Any one of them, however, can be 
gsed by itself or in combination with one of the other 
two. 

The first such means is a high capacity pump 56 
having an intake conduit or suction pipe 57 with an 
intake opening 58 located in the mooring recess area 
between the coaxial sealing contact circles of the outer 
and inner resilient members 28 and 29. A second con- 
duit 59 connects the outlet 60 of the pump to at least 
one discharge opening 61 that is remote from the moor- 
ing recess. Preferably, the pump 56 may also be part of 
a bow thruster system having two discharge openings 
on opposite sides of the bow (only the port side opening 
61 is shown) and means (not shown) for selectively pro- 
portioning the flow from the pump between the two dis- 
charge openings to help maneuver the vessel. 

The second means shown in FIG. 4 for rapidly 
drawing seawater into the hull from the mooring recess 
is a hermetic chamber or vacuum tank 62 inside the 
hull, the chamber 62 having a valve 63 also opening to 
the mooring recess area between the outer and inner 
sealing contact circles of resilient members 28 and 29 
and means for creating a vacuum in the chamber. The 
vacuum creating means may comprise a conventional 
vacuum pump (not shown). In the embodiment of FIG. 
4, the means for creating a vacuum in the chamber 62 
comprises a steam supply line 64, a vent line 65, and a 
cold water supply line 66. with respective valves 67 and 
68 for opening the steam supply and vent lines until sub- 
stantially all air in the chamber has been replaced by 
steam, and a valve 69 for opening the cold water supply 
line to condense the steam after the first two valves 
have been shut. 

The third means shown in FIG. 4 for rapidly drawing 
seawater from the mooring recess includes an empty 
hold 70 in the hull and a valve 71 opening to the moor- 
ing recess to permit water to drain into the hold. In this 
case, the valve 71 is located in the well 25 above the 



inner annular portion 55 of the mooring recess so that 
most of the water in the access well can drain by gravity 
into the empty hold 70. 

FIG. 4 also shows one possible arrangement for 

s physically connecting the mooring element 12 to the 
vessel 1 1 . This arrangement includes a number of linear 
actuators, such as hydraulic cylinders 72, mounted in 
spaced relation around the inner circumference of the 
well 25. A mooring rope 73 hangs from a movable part 

10 of each hydraulic cylinder and has a hook or eye splice 
at its lower end that engages one of the bitts 47 that are 
spaced around the upper end of the vertical well 25 in 
the upper part 14 of the mooring element The hook or 
eye splice can be placed on the bitt when the hydraulic 

is cylinder is in a downstroke position, and the mooring 
rope can then be tightened by actuating the hydraulic 
cylinder to an upstroke position. The hydraulic cylinders 
are preferably of the type that can be locked in the 
upstroked position to maintain the mooring ropes 73 in 

20 a stressed condition. The stress level in each mooring 
rope is selected such that the sum of the tension forces 
in all the mooring ropes substantially exceeds the max- 
imum expected vertical separating force between the 
mooring element and the vessel, thereby preventing rel- 

25 ative movement between the two. 

3. OpQrgtiqn of frQ Mpgring System. 

The operation of the mooring system of the inven- 

30 tion will now be described with particular reference to 
FIGS. 2 and 3. 

FIG. 2 shows the mooring element 1 2 in the stowed 
position or neutral equilibrium condition when the vessel 
11 is not moored to the buoy. The mooring element 12 

35 at a depth relative to sea level 1 3 such that the net buoy- 
ancy of the mooring element 12 exactly equals the sub- 
merged weight of the anchor lines 18 and the flexible 
hose 22. If the element 12 descends below the equilib- 
rium level suspended sections of the anchor lines 18 

40 come to rest on the sea bed 20, thereby reducing the 
weight carried by the buoyant element 1 2 and producing 
a net positive buoyancy. If the element rises above the 
equilibrium level, more of the anchor lines are lifted from 
the bottom, resulting in a net negative buoyancy. The 

45 mooring element is manufactured with designed excess 
buoyancy, and the equilibrium level is achieved at initial 
deployment by adding ballast. . 

Figure 3 shows the initial steps of mooring the ves- 
sel 1 1 to the mooring element 12. When the vessel 1 1 

so arrives, it picks up the buoyant retrieval line 45, which is 
passed through the bottom of the well 25 and secured to 
a winch 74. The retrieval line 45 is hauled in, followed by 
the hoisting cable 44, which in the preferred embodi- 
ment is attached to the inner circumference of the pro- 

55 tective well 42 in the upper part 14 of the mooring 
element through a number of angularly spaced tail 
ropes 75 such that the tail ropes will assist in centering 
the mooring element 12 in the well 25 when the upper 
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part 14 is brought into close proximity to the bottom of 
the vessel 11. 

Meanwhile, the pump 56 is taking suction through 
the intake opening 56, and it the pump is part of a bow 
thruster system, the discharge flow from the pump s 
assists in controlling the position of the bow of the ves- 
sel 1 1 over the mooring element by providing lateral 
thrust upon demand. 

The winch 74 is preferably of the constant tension 
type, reeling the hoisting cable in whenever the tension 
is low and paying it out when the tension exceeds a pre- 
set level, thereby avoiding overstressing the hoisting 
cable 44 during the mooring process. As the winch 74 
lifts the mooring element up to the bottom of the vessel 
11, the tail ropes 75 reach the well 25. The tail rope 
assembly tends to center the mooring element 12 with 
respect to the well 25. The winch 74 continues to reel in 
the hoisting cable until the raised frustoconical center 
section 27 of the mooring element enters the inwardly 
tapered portion 54, automatically centering the mooring 
element 1 2 in the mooring recess 1 5. 

When the resilient members 28 and 29 contact the 
bottom of the vessel 1 1 , as shown in FIG. 4, the intake 
opening 58 of the pump 56, the vacuum chamber intake 
valve 62, and the valve 71 opening to the empty hold 70 
are all isolated from the sea by the sealing contact of the 
resilient members and, in the case of valve 71, also by 
the rotary seals 36 and 37 above and below the support 
bearing for the lower part 17 of the mooring element. 

As the pump 56 continues to take water from the 
volume isolated from the sea by the resilient members 
28 and 29, the pump suction pressure reaches the min- 
imum net suction pressure head and starts cavitation. In 
the event that the seals between the resilient members 
28, 29 and the mooring recess are not completely water 
tight, the pump 56 will continue to remove the water 
leaking into this isolated volume. 

The water in the well 25 also will be pumped out by 
the pump 56 via the pipes 48 connecting the bottom of 
the protective well 42 in the mooring element 12 to the 
volume isolated by the sealing contacts of the resilient 
members 28 and 29. The valve 49 in the connecting 
pipe 48 permits the passage of liquids but shuts in the 
presence of air, so that the volume isolated by the mem- 
bers 28, 29 will not be vented to the atmosphere. The 
pressure in this space will then become substantially 
equal to the below atmospheric cavitation pressure of 
the pump 56. 

Just prior to contact by the resilient members 28 
and 29 with the mooring recess, the net buoyancy of the 
mooring element and suspended anchor lines and hose 
is negative by the weight of additional anchor lines and 
hose lifted from the sea bottom as the mooring element 
is raised from the neutral buoyancy depth to the keel 
depth of the vessel. The disk-shaped or pancake design 
of the upper part 14 of the mooring element creates a 
large horizontal surface area relative to the volume, and 
hence relative to the buoyancy of the upper part. The 



relation between horizontal surface area, buoyancy of 
the element, and suspended weight of anchor lines and 
supply hose at the vessel keel depth is predetermined 
so that, as soon as the resilient members 28 and 29 
make contact with the mooring recess, the rapid reduc- 
tion of the hydrostatic pressure on the annular upper 
deck 26, the frusto-conical center section 27, and the 
top of the cylindrical tank 34 by action of the pump 56, 
shifts the net buoyancy of the mooring element system 
from negative to positive, due to the large decrease in 
hydrostatic force acting on the top of the mooring ele- 
ment 

In this condition the mooring element 12 is securely 
pressed against the hull of the vessel 1 1 and, absent 
leakage past the resilient member 28 or the rotary seals 
36 and 37, will remain so indefinitely. As a safety pre- 
caution, however, it is desirable to secure the upper part 
14 of the mooring element physically to the vessel, for 
example, by using the previously described hydraulic 
cylinders 72 and mooring ropes 73. 

If the vessel 11 is not equipped with a suitable 
pump 56, the valve 63 to the vacuum tank 62, the valve 
71 to the empty hold 70, or both, will be opened when 
the resilient members 28 and 29 contact the bottom of 
the vessel 1 1 , thereby draining the well 25 into the hold 
70 and lowering the hydrostatic pressure in the volume 
isolated by the members 28 and 29. 

Even if the seals leak, the reduced hydrostatic pres- 
sure on the top of the mooring element 12 will be main- 
tained until the vacuum chamber 62 is filled with sea 
water. This will allow sufficient time before the vacuum 
chamber 62 fills with water for the vessel's crew to make 
a connection with the mooring ropes 73, thereby 
securely mooring the vessel 1 1 to the mooring element 
12. 

The vacuum chamber 62 may be evacuated prior to 
mooring by a normal vacuum pump not shown) or may 
be conveniently evacuated using the auxiliary steam 
supply that tankers usually are equipped with for power- 
ing the vessel's cargo pumps. The vacuum chamber 62 
is evacuated by securing the valve 63 in closed position, 
removing all water from the chamber by a (not shown), 
opening the steam valve 67 causing the chamber 62 to 
be filled with steam through the pipe 64, raising the 
pressure in the chamber 62 and forcing a mixture of 
steam and air out the vent 65 through the check valve 
68. This is continued until all air in the chamber 62 has 
been expelled through the vent 65. Vacuum is subse- 
quently produced by closing the valve 67 and opening 
the valve 69 which admits cold water into the chamber 
62. This lowers the pressure in chamber 62, causing the 
check valve 68 to shut. Rapid condensation of the 
steam lowers the pressure in the chamber 62 to the 
vapor pressure of the water, which for cold water is very 
near absolute vacuum. Opening of the valve 63 admits 
more cold sea water, insuring a low vapor pressure and 
thereby low pressure in the chamber 62 during the 
mooring procedure. 
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In some cases the vessel may be equipped with 
only the valve 71 connecting the well 25 to an empty 
hold 70. In this situation, the valve 71 will be opened 
when the resilient members 28 and 29 contact the bot- 
tom of the vessel 1 1 . This will drain most of the seawa- 
ter in the well 25 into the hold 70 and thus, via the 
connecting pipes 48 will lower the hydrostatic pressure 
in the volume isolated by the resilient members 28 and 
29. If the seals leak, the reduced hydrostatic pressure at 
the top of the mooring element will be maintained until 
the hold 70 is filled with sea water. As in the case of the 
vacuum chamber, sufficient time will be available before 
the hold 70 fills with water for the vessel's crew to make 
a structural mooring connection with the mooring ropes 
72. Since the valve 71 is necessarily located above the 
flat annular area 53, the well 42 in the upper part of the 
mooring element can be emptied by a portable or built in 
bilge pump (not shown). 

4. Alternative embodiments . 

FIG. 6 shows a second embodiment of a mooring 
element 76 in which the upper part 77 is furnished with 
an exterior downward projecting skirt 78 which permits 
the trapping of air. This embodiment of the mooring ele- 
ment also is equipped with two bearings between the 
upper part 77 and the lower part 79: a radial bearing 80 
which is capable of transmitting only forces perpendicu- 
lar to the vertical axis 81 of the mooring element 76 and 
a thrust bearing 82 capable of transmitting only forces 
parallel to the axis of rotation 81 . This arrangement with 
separate radial and thrust bearings 80 and 82 is not lim- 
ited to the mooring element embodiment shown in FIG. 
6 but may be substituted for the combined radial and 
thrust bearing 35 in the other illustrated embodiments. 

After completing the mooring operation, a com- 
pressed air supply line 83 aboard vessel 11 is con- 
nected to a coupling 84 on the mooring element 76 to 
supply compressed air through piping 85 to the air trap 
space 86, thereby forcing the sea water level in the trap 
down to the lip 87 of the skirt. Personnel may then 
access the trap space 86 from the vessel 1 1 by means 
of an air lock (not shown) in the tank 34 of the lower part 
79 to perform inspections of and maintenance on the 
anchor lines 18, the lower rotary seal 37, the radial 
bearing 80, and the thrust bearing 82. The bottom of the 
upper part 77 is equipped with strongpoints 88 for sup- 
port of maintenance equipment to lift the anchor lines 
18 and to assist in the maintenance of bearings 80 and 
82. 

The embodiment of FIG. 6a also permits an alter- 
native arrangement in which a lower end of the com- 
pressed air line 83 is permanently attached to the piping 
85 and an upper end is attached to the buoyant retrieval 
line so that the air line 83 can be connected to a source 
of compressed air on the vessel when the hoisting cable 
44 is retrieved. In fact, as shown in FIG. 6b, the hoisting 
cable itself may be a strong flexible pipe 44' capable of 



delivering compressed air to the trap space 86. In this 
case, the lower end of the lifting pipe 44' is permanently 
connected to the piping 85, and the tail ropes 75 are 
attached near the lower end of the pipe 44' to take the 

5 lifting load, so that the connection from flexible lifting 
pipe 44' to piping 85 is not stressed. The upper end of 
lifting pipe 44' is connected, through a conventional 
rotary seal on the drum of winch 74, to a compressed air 
supply source 83'. 

w With this arrangement, compressed air can be 
injected into the trap space 86 before or during raising 
of the mooring element, thereby increasing the buoy- 
ancy of the mooring element and correspondingly 
decreasing the tension in the hoisting cable. Increasing 

is the buoyancy of the mooring element in this way during 
the raising operation results in at least two advantages. 
First, the required hoisting capacity of the winch and 
tensile strength of the lifting line can be substantially 
reduced. Second, the capacity of the means for rapidly 

20 withdrawing seawater into the hull from the mooring 
recess as the mooring element comes into contact with 
the mooring recess likewise can be reduced, since 
there is a smaller net negative buoyancy to overcome in 
order to press the mooring element against the hull of 

25 the vessel. 

FIGS. 7 and 8 illustrate the construction and opera- 
tion of a third embodiment of a mooring element 89 hav- 
ing an upper part 77 identical to that of the second 
embodiment and a lower part 90 in which the cylindrical 

30 tank 91 has an open bottom 92. The mooring element 
89 is designed to have a positive metacentric height 
under any partially filled condition of the cylindrical tank 
91 necessary to maintain the mooring element at a 
desired equilibrium depth below sea level, as shown in 

35 FIG. 7. The volume of the cylindrical tank 91 is predeter- 
mined to provide sufficient buoyancy so that the moor- 
ing element 89 will float on the ocean surface 13 when 
the tank 91 is completely filled with air. 

The mooring element 89 can be raised to the sur- 

40 face by connecting an air compressor 93 aboard a 
maintenance vessel 94 through a hose 95 to a coupler 
96 on top of the cylindrical tank 91, using a diver or a 
remote operations vehicle (not shown). Air introduced 
into the top of the tank through hose 95 will displace 

45 water in the tank, increasing the buoyancy and causing 
the mooring element to rise to the surface, as shown in 
FIG. 8. 

By continuing to pump air into the tank 91 after the 
mooring element has reached the surface, the excess 

so air will escape out the open bottom 92 and bubble up 
into the air trap space 86 until the internal water level in 
the air trap is lowered to the bottom of the skirt 78, pro- 
viding additional mooring element buoyancy. As long as 
the mooring element is floating on the surface, irrtroduc- 

55 ing air into the air trap space 86 will not cause the met- 
acentric height to become negative, and the mooring 
element will float securely on the surface. Then the 
maintenance vessel 49 can perform all required mainte- 
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nance. Personnel access to the trap space 86 is through 
an air lock (not shown). 

After necessary maintenance and repair have been 
performed, the mooring element is returned to the 
stowed position by first letting out all air from the trap s 
space 86 through a vent line (not shown), and then 
bleeding air out of the tank 91 through the compressor 
hose until the mooring element sinks to its preselected 
equilibrium level. A diver can then remove the air com- 
pressor hose 95 from the coupler 96, or the air hose w 
may be left attached to the mooring element and dis- 
connected at the compressor 93, with a small marker 
buoy being attached to the free end of the hose to facil- 
itate later retrieval. 

FIG. 9 shows a fourth embodiment of the mooring is 
system, in which a buoyant mooring element 97 has an 
upper part 98 with a completely flat annular upper deck 
99 extending radially outward from the vertical central 
passage 33, without any raised frusto-conical center 
portion. Instead, the outer edge 100 of the disk-shaped 20 
upper part 98 is tapered inwardly from bottom to top. A 
mooring recess 101 in the bottom of the hull of the ves- 
sel has a flat annular portion 102 and a tapered periph- 
eral edge 103 that mate with the upper deck 99 and 
outer edge 100 of the upper part 98. All other elements 25 
of this embodiment are essentially the same as the cor- 
responding elements in the first embodiment and have 
the same reference numerals. 

As in the first embodiment, the tail ropes of the 
hoisting line help to center the mooring element 97 with 30 
respect to the vertical well 25 when hauling up the 
mooring element from its stowed position. When the 
mooring element 98 gets close to the bottom of the ves- 
sel 1 1 the two tapered surfaces 100 and 103 will provide 
the final guidance and centering of mooring element 97 35 
in the mooring recess 101 . When the resilient members 
28 and 29 touch the flat annular portion 102 of the 
mooring recess, the mooring sequence explained in 
connection with FIG. 3 will be carried out. In this embod- 
iment, any horizontal forces acting between the vessel 40 
11 and the mooring element 97 will be transmitted 
through the surfaces 100 and 103. 

FIG. 10 shows a fifth embodiment of the system, in 
which the mooring element is essentially the same 
(except for the shape of the outer edge of the upper part 45 
98) as shown in FIG. 9, with the same reference numer- 
als, but no modification is made to the shape of the bot- 
tom of the vessel 11. That is, a mooring recess 104 is 
composed of an annular area of the flat bottom of the 
hull that is within the contact circle of the outer resilient so 
member 28. 

The mooring procedure with this embodiment is 
exactly the same as with the preceding embodiments, 
as explained with reference to FIGS. 2, 3, and 4. The 
only difference is that the tailropes of the hoisting cable ss 
provide the only guidance for centering the mooring ele- 
ment with the vertical well 25. Since there are no mating 
tapered surfaces to resist horizontal forces exerted 
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between the vessel and the mooring element, it is par- 
ticularly desirable with this embodiment to secure the 
mooring element physically to the vessel, as with the 
mooring ropes 73 described with reference to FIG. 4. 
When the mooring ropes have been stressed, a large 
compressive force exists between the mooring element 
97 and the bottom of vessel 11, so that the friction 
between the mooring element 97 and the vessel 1 1 may 
be sufficient to prevent relative horizontal movement 
between them. In addition, other mooring lines (not 
shown) may be provided in the well 25 to resist relative 
horizontal movement between the mooring element 97 
and the vessel 1 1 . 

The mooring system has been described in con- 
nection with FSO and FPSO vessels; however, the 
present invention is not limited to such vessels but 
applies to all vessels including tankers and military ves- 
sels for which a need exists to moor in conditions of 
severe sea states. 

Several embodiments and variations of the inven- 
tion have been described as illustrative examples. Vari- 
ous modifications may be effected within the spirit and 
scope of the invention. In the described embodiments 
(see FIG. 1 , for example), the mooring recess has been 
described as being located near the bow of the vessel 
1 1 . It is not limited to this region but may be located at 
any position along the bottom of the vessel 1 1 , including 
near the stern. At some locations for the mooring 
recess, notably near midships, the vessel will not auto- 
matically align with the environmental forces but would 
need power assist to do so. However, the present inven- 
tion relating to a method of rapidly mooring the vessel in 
high sea states also applies to these cases. 

The well 25 has been shown and described as 
extending vertically through the vessel 1 1 ; however, H is 
not required that the well 25 goes all the way to the deck 
of vessel 11. Indeed, the mooring system of the inven- 
tion does not require any well 25 at all but only a narrow 
pipe leading to the deck of the moored vessel or a 
recess in the bottom of the hull permitting the retrieval 
and hauling in of the hoisting cable. 

While the several means for rapidly reducing the 
hydrostatic pressure disclosed above have been 
described as providing temporary mooring of a vessel 
by net buoyant force of a submerged mooring element 
until a permanent physical connection between the ves- 
sel and the mooring element can be established, the 
invention also includes permanently mooring the vessel 
by maintaining the positive buoyancy of the mooring 
element system without resorting to any mechanical 
device. 

The cross-sectional shape of the mooring element 
and of the vertical well in the vessel is preferably circu- 
lar; however, the invention applies to any other shapes 
of the mooring element or vertical well meeting the tech- 
nical requirements described herein. 

The mooring method and embodiments of the 
present invention may be summarized as follows: 
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i. The invention relates to mooring a vessel to a 
submerged buoyant mooring element offshore. 
When the submerged mooring element is brought 
into contact with the bottom of the vessel, the 
hydrostatic pressure between the mooring element 
and the vessel is rapidly reduced, shifting the moor- 
ing element from a net negative to a net positive 
buoyancy condition and creating a compressive 
force between the mooring element and the hull of 
the vessel, thereby mooring the vessel. Because of 
the speed with which the hydrostatic pressure 
between the mooring element and the vessel may 
be reduced, which is on the order of one wave 
period, the vessel may be moored safely by this 
method in high sea states. 

ii. The means for reducing the hydrostatic pressure 
between the mooring element and the vessel may 
be (a) the suction pump for the bow thruster with 
which many vessel are equipped, (b) an evacuated 
suction chamber in the vessel being opened to the 
sea above the mooring element during the mooring 
process, (c) an opening to an empty hold in the ves- 
sel during the mooring process reducing the hydro- 
static pressure to the bottom level of the hold, (d) a 
combination of two or all of the above, or (e) spe- 
cially provided high capacity pumps taking suction 
between the mooring element and the vessel. 

iii. Any size vessel may be moored by the system; 
however, the system becomes more effective with 
increased draft of the vessel, and therefore the 
allowable sea state for mooring increases with ves- 
sel size. 

iv. The system is suitable for all offshore, nearshore, 
and coastal waters, but is particularly suited for 
mooring vessels in ice infested arctic waters, 
because the mooring element is submerged when 
no vessel is present, extremely rapid connection is 
possible, and, more importantly, extremely rapid 
disconnection is possible. 

v. Once the vessel is moored by the differential 
hydrostatic pressure with the resultant friction 
between the vessel hull and the mooring element, 
ordinary mechanical links such as hydrauiically ten- 
sioned mooring ropes may be established between 
the mooring element and the vessel, securing the 
mooring in the event of loss of the hydrostatic pres- 
sure differential. 

Claims 

1 . An ocean mooring system including 

a vessel (1 1) having a hull (16) with an annular 
mooring recess (15) in the bottom of the hull 
(16); 

a mooring element (12) having an upper part 
(14) that is engageable with the mooring 
recess (15) in the bottom of the hull (16); 



a plurality of lines (18) connecting the mooring 
element (12) to the ocean floor (20), the moor- 
ing element (12) being normally maintained at 
a stored depth below the bottom of the hull 

5 (16); and 

means (44) for raising the mooring element 
(12) from the stored depth to engagement with 
the mooring recess (15) in the bottom of the 
hull (16), wherein the system is characterized 

10 by: 

means (56, 62, 70) for rapidly drawing seawa- 
ter into the hull (16) through an intake opening 
(58, 63, 71) located within the mooring recess 
(15) so as to reduce the downward hydrostatic 

is pressure acting on the upper part (14) of the 

mooring element (12) as it comes into engage- 
ment with the mooring recess (15). 

2. An ocean mooring system according to claim 1 
20 wherein the means (56, 62, 70) for rapidly drawing 

seawater into the hull (16) provides a flow rate suf- 
ficient to produce a substantial net positive buoy- 
ancy condition of the combined lines (18) and 
mooring element (12) as the mooring element (12) 
25 engages the submerged bottom portion of the hull 
(16). 

3. An ocean mooring system according to claim 1 
wherein the means (56) for rapidly drawing seawa- 

30 ter from the mooring recess (15) into the hull (16) 
includes a pump (56). a first conduit (57) connect- 
ing an inlet of the pump (56) to an intake opening 
(58) within the mooring recess (15) and a second 
conduit (59) connecting an outlet of the pump (56) 

35 to at least one discharge opening (61) remote from 
the mooring recess (15). 

4. An ocean mooring system according to claim 3 
wherein the pump (56) also functions as a bow 

40 thruster pump, and the at least one discharge open- 
ing (61) comprises two underwater openings on 
opposite sides of the hull (16) near the bow of the 
vessel (11). 

45 5. An ocean mooring system according to claim 3 
wherein the upper part (14) of the mooring element 
(12) comprises two concentric resilient annular 
members (28, 29) that make circles of sealing con- 
tact at locations of the mooring recess (1 5) that are 

so respectively radially inside and radially outside the 
location of the pump intake (58). 

6. An ocean mooring system according to claim 1 
wherein the means (62) for rapidly drawing seawa- 
55 ter from the mooring recess (15) into the hull (16) 
comprises a hermetic chamber (62) inside the hull 
(16), the chamber having a valve (63) opening to 
the mooring recess (15) in the bottom of the hull 
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(16) and means (64, 65, 66, 67, 68, 69) for creating 
a vacuum in the chamber (62). 



is engaged with the mooring recess (15) in the bot- 
tom of the hull (16). 



7. An ocean mooring system according to claim 6 
wherein the vacuum creating means (64, 65, 66, 
67, 68, 69) comprises a steam supply line (64), a 
vent line (65). and a cold water supply line (66), with 
respective valves (67, 68) for opening the steam 
supply (64) and vent lines (65) until substantially all 
air in the chamber has been replaced by steam, 
and a valve (69) for opening the cold water supply 
line (66) to condense the steam after the first two 
valves (67, 68) have been shut. 

8. An ocean mooring system according to claim 6 
wherein the upper part of the mooring element (1 4) 
comprises two concentric resilient annular mem- 
bers (28, 29) that make circles of sealing contact at 
locations of the mooring recess (15) that are 
respectively radially inside and radially outside the 
location of the valve opening (63) from the hermetic 
.vacuum chamber (62). 

9. An ocean mooring system according to claim 1 
wherein the means for rapidly drawing seawater 
from the mooring recess (15) comprises an empty 
hold (70) in the hull (16) and a valve (71) opening to 
the mooring recess (15) to permit water to drain into 
the hold (70). 

10. An ocean mooring system according to claim 1 
wherein the upper part (14) of the mooring element 
(12) comprises at least one resilient annular mem- 
ber (28. 29) concentric with the vertical axis (30) of 
the mooring element (12), the resilient annular 
member (28, 29) making initial contact with the 
mooring recess (1 5) to cushion any impact between 
the mooring element (12) and the vessel (1 1). 

11. An ocean mooring system according to claim 10 
wherein the resilient annular member (28, 29) 
makes a circle of sealing contact with the bottom of 
the hull (16) so that the means (56, 62, 70) for rap- 
idly drawing seawater into the hull (16) can pump 
out the region between the bottom of the hull (16) 
and the upper part (14) of the mooring element (1 2) 
inside the circle of sealing contact. 

12. An ocean mooring system according to claim 1 
wherein the mooring element (12) further com- 
prises a lower part (1 7) and means for mounting the 
upper part (14) of the mooring element (12) on the 
lower part (1 7) for rotation about a vertical axis (30, 
81) of the element, with the lines (18) connecting 
the mooring element (12) to the ocean floor (20) 
being attached to the lower part (1 7) so that the 
upper part (14) and the vessel (11) can swivel 
about the lower part (17) when the upper part (14) 



13. An ocean mooring system according to claim 12 
5 wherein the means for mounting the upper part (14) 
of the mooring element on the lower part (17) for 
rotation about a vertical axis (30) comprises a com- 
bined radial and thrust bearing (35), a first rotary 
seal (37) located below the bearing between the 
10 upper part (14) and the lower part (1 7), and a sec- 
ond rotary seal (36) located above the bearing 
between the upper part (1 4) and the lower part (1 7) 
to prevent seawater from entering the bearing (35). 

is 14. An ocean mooring system according to claim 12 
wherein the upper part (14) of the mooring element 
(12) comprises a hollow annular tank with an inner 
vertical passage and an outer peripheral skirt (78) 
extending below the bottom of the tank, and the 

20 lower part (17) of the mooring element (12) com- 
prises a vertical cylindrical tank (34, 91) having a 
closed top and an open bottom. 

15. An ocean mooring system according to claim 14 
25 wherein the mooring element (12) further com- 
prises means (95, 96) for delivering compressed air 
to the cylindrical tank (91), and the cylindrical tank 
(91) has a volume predetermined to be sufficient to 
raise the mooring element (1 2) to the ocean surface 

30 when water in the tank (91) has been displaced by 
compressed air. 

16. An ocean mooring system according to claim 14 
wherein the means (35) for mounting the upper part 

35 (1 4) on the lower part (1 7) for rotation about a verti- 
cal axis (30) comprises a radial bearing (80), a sep- 
arate thrust bearing (82), and at least one rotary 
seal (37) between the upper part (14) and the lower 
part (17). 

40 

17. A vessel (1 1) adapted for mooring to a submerged 
mooring element (12), the vessel (11) having a hull 
(1 6), an annular mooring recess (1 5) in the bottom 
of the hull (1 6) being engageable with an upper part 

45 (14) of a submerged mooring element (12) that is 
connected by anchoring lines (18) to the sea bot- 
tom, and means (44) for raising the mooring ele- 
ment (12) from a stored depth to engagement with 
the mooring recess (15) in the bottom of the hull 

so (1 6), wherein the vessel (11) further comprises: 

means (56, 62, 70) for rapidly drawing seawa- 
ter into the hull (16) through an intake opening 
(58, 63, 71) located within the mooring recess 
55 (1 5) so as to reduce the downward hydrostatic 

pressure acting on the upper part (14) of the 
mooring element (12) as it comes into engage- 
ment with the mooring recess (15). 
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18. A vessel (11) according to claim 17 wherein the 
means (56, 62, 70) for rapidly drawing seawater into 
the hull (16) provides a flow rate sufficient to pro- 
duce a substantial net positive buoyancy condition 

of the combined anchoring lines (18) and mooring s 
element (12) as the mooring element (12) engages 
the submerged bottom portion of the hull (16). 

19. A vessel (11) according to claim 17 wherein the 
means (56) for rapidly drawing seawater from the 10 
mooring recess (15) into the hull (16) includes a 
pump (56), a first conduit (57) connecting an inlet of 
the pump (56) to an intake opening (58) within the 
mooring recess (15) and a second conduit (59) 
connecting an outlet of the pump (56) to at least is 
one discharge opening (61) remote from the moor- 
ing recess (15). 

20. A vessel (11) according to claim 19 wherein the 
pump (56) also functions as a bow thruster pump, 20 
and the at least one discharge opening (61) com- 
prises two underwater openings on opposite sides 

of the huir(16) near the bow of the vessel (11). 

21. A vessel (11) according to claim 17 wherein the 25 
means (62) for rapidly drawing seawater from the 
mooring recess (15) into the hull (16) comprises a 
hermetic chamber (62) inside the hull (16), the 
chamber (62) having a valve (63) opening to the 
mooring recess (15) in the bottom of the hull (16) 30 
and means (64, 65, 66, 67, 68, 69) for creating a 
vacuum in the chamber. 

22. A vessel (11) according to claim 21 wherein the 
vacuum creating means (64, 65, 66, 67, 68, 69) 35 
comprises a steam supply line (64), a vent line (65), 
and a cold water supply line (66), with respective 
valves (67, 68) for opening the steam supply (64) 
and vent lines (65) until substantially all air in the 
chamber has been replaced by steam, and a valve 40 

(69) for opening the cold water supply line (69) to 
condense the steam after the first two valves (67, 
68) have been shut. 

23. A vessel (11) according to claim 17 wherein the <s 
means for rapidly drawing seawater from the moor- 
ing recess (15) comprises an empty hold (70) in the 
hull (16) and a valve (71) opening to the mooring 
recess (15) to permit water to drain into the hold 

(70) . so 

Patentanspruche 



weist; 

ein Festmachungselement (12) mit einem obe- 
ren Teil (14), der in die Festmachungsausneh- 
mung (15) in dem Boden des Schiffsrumpfs 
(16) eingreifbar ist; 

eine Mehrzahl Festmacher (18), die das Fest- 
machungsteil (12) mit dem Boden (20) des 
Ozeans verbinden, wobei das Festmachungs- 
teil (12) normalerwejse in einer Aufbewah- 
rungstiefe unterhalb des Bodens des 
Schiffsrumpfs (16) beibehalten wird, und 

eine Vorrichtung (44) zum Anheben des Fest- 
machungsteils (12) aus der Aufbewahrungs- 
tiefe zum Eingriff in der Festmachungs- 
aushehmung (15) in dem Boden des Schiffs- 
rumpfs (16), wobei das System gekenn- 
zeichnet ist durch 

eine Vorrichtung (56, 62, 70), urn schnell See- 
wasser in den Schiffsrumpf (16) durch eine 
Einlaf&ffnung (58, 63. 71) einzubringen, die 
sich innerhalb der Festmachungsausnehmung 
(15) befindet, urn den hydrostatischen 
Abwdrtsdruck zu verringern, der auf den obe- 
ren Teil (14) des Festmachungsteils (12) wirkt, 
wenn es mit der Festmachungsausnehmung 
(15) in Eingriff kommt. 

2. Ein Ozean-Festmachungssystem gerr&B Anspruch 
1, wobei die Vorrichtung (56, 62, 70) zum schnellen 
Einbringen von Seewasser in den Schiffsrumpf (16) 
einen ausreichenden Mengendurchsatz liefert, urn 
eine wesentliche positive Nettoauftriebsbedtngung 
bei der Kombination aus Festmachern (18) und 
Festmachungsteil (12) zu erzeugen, wenn das 
Festmachungsteil (12) an dem untergetauchten 
Bodenabschnittdes Schiffsrumpfs (16) eingreift. 

3. Ein Ozean-Festmachungssystem gemSB Anspruch 
1, wobei die Vorrichtung (56) zum schnellen Ein- 
bringen von Seewasser von der Festmachungsaus- 
nehmung (15) in den Schiffsrumpf (16) eine Pumpe 
(56), eine erste Leitung (57), die einen EinlaB der 
Pumpe (56) mit einer EinlaBOffnung (58) innerhalb 
der Festmachungsausnehmung (15) verbindet, und 
eine zweite Leitung (59) einschlieBt, die einen Aus- 
laG der Pumpe (56) mit wenigstens einer von der 
Festmachungsausnehmung (15) fernliegenden 
Austragsdffnung (61) verbindet. 



1 . Ein Ozean-Festmachungssystem, das einschlieBt 

ein Schiff (1 1), das einen Schiffsrumpf (16) mit 
einer ringfOrmigen Festmachausnehmung (15) 
in dem Boden des Schiffstumpfes (16) auf- 



4. Ein Ozean-Festmachungssystem gemfiB Anspruch 
3, wobei die Pumpe (56) auch als eine Bugstrahlru- 
derpumpe arbeitet, und die wenigstens eine Aus- 
tragsOffnung (61) zwei UnterwasserOffnungen auf 
gegenuberliegenden Seiten des Schiffsrumpfs (16) 
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nahe dem Bug des Schiffs (1 1) umfaBt. 

5. Ein Ozean-Festmachungssystem gemaB Anspruch 
3, wobei der obere Teil (14) des Festmachungsteils 
(12) zwei konzentrische, eiastische Ringelemente 5 
(28, 29) umfaBt, die Dichtungsberuhrungskreise an 
Orten der Festmachungsausnehmung (15) herstel- 
len, die radial innerhalb bzw. radial auBerhalb des 
Ortes des Pumpeneinlasses (58) sind. 

10 

6. Ein Ozean-Festmachungssystem gemaB Anspruch 
1 , wobei die Vorrichtung (62) zum schnellen Ein- 
bringen von Seewasser von der Festmachungsaus- 
nehmung (15) in den Schiffsrumpf (16) eine 
abgedichtete Kammer (62) innerhalb des Schiffs- is 
rumpfs (16) umfaBt, wobei die Kammer ein Ventil 
(63), das in die Festmachungsausnehmung (15) in 
dem Boden des Schiffsrumpfs (16) Offnet, und eine 
Einrichtung (64, 65, 66, 67, 68, 69) zur Erzeugung 
eines Unterdrucks in der Kammer (62) aufweist. 20 

7. Ein Ozean-Festmachungssystem gemaB Anspruch 
6, wobei die Unterdruckerzeugungseinrichtung (64, 
65, 66, 67, 68, 69) eine Dampfzufuhrleitung (64), 
eine Beluftungsleitung (65) und eine Kaltwasserzu- 25 
fuhrleitung (66) mit entsprechenden Ventilen (67, 

68) zum Offnen der Dampfzufuhrung (64) und der 
Beluftungsleitungen (65) bis im wesentlichen die 
ganze Luft in der Kammer durch Dampf ausge- 
tauscht worden ist, und ein Ventil (69) zum Offnen 30 
der Kaltwasserzufuhrleitung (66) umfaBt, urn den 
Dampf zu kondensieren, nachdem die ersten zwei 
Ventile (67, 68) geschlossen worden sind. 

8. Ein Ozean-Festmachungssystem gemaB Anspruch 35 
6, wobei der obere Teil (14) des Festmachungsteils 
zwei konzentrische. eiastische Ringelemente (28. 
29) umfaBt, die Dichtungsberuhrungskreise an 
Orten der Festmachungsausnehmung (15) herstel- 
len, die radial innerhalb, bzw. radial auBerhalb des 40 
Ortes der VentilOffnung (63) von der abgedichteten 
Unterdruckkammer (62) sind. 

9. Ein Ozean-Festmachungssystem gemaB Anspruch 

1 , wobei die Vorrichtung zum schnellen Einbringen 45 
von Seewasser von der Festmachungsausneh- 
mung (15) einen leeren Raum (70) in dem Schiffs- 
rumpf (16) und ein Ventil (71) umfaBt, das in die 
Festmachungsausnehmung (1 5) Offnet. damit Was- 
ser in den Raum (70) flieBen kann. so 

10. Ein Ozean-Festmachungssystem gemaB Anspruch 
1 , wobei der obere Teil (14) des Festmachungsteils 
(12) wenigstens ein elastisches Ringeiement (28, 

29) umfaBt, das zu der vertikalen Achse (30) des ss 
Festmachungsteils (12) konzentrisch ist, wobei das 
eiastische Ringeiement (28, 29) eine Anfangsbe- 
ruhrung mit der Festmachungsausnehmung (15) 



ausfOhrt, irgendeinen StoB zwischen dem Festma- 
chungsteil (12) und dem Schiff (1 1) zu dampf en. 

11. Ein Ozean-Festmachungssystem gemaB Anspruch 
10, wobei das eiastische Ringeiement (28, 29) eine 
DichtungskreisberOhrung mit dem Boden des 
Schiffsrumpfs (16) ausfuhrt, sodaBdie Vorrichtung 
(56, 62, 70) zum schnellen Einbringen von Seewas- 
ser in den Schiffsrumpf (16) den Bereich zwischen 
dem Boden des Schiffsrumpfs (16) und dem obe- 
ren Teil (14) des Festmachungsteils (12) innerhalb 
des Dichtungsberuhrungskreises auspumpen 
kann. 

1 2. Ein Ozean-Festmachungssystem gemaB Anspruch 
1, wobei das Festmachungsteil (12) des weiteren 
einen unteren Teil (17) und eine Vorrichtung zur 
Befestigung des oberen Teils (14) des Festma- 
chungsteils (12) an dem unteren Teil (17) zur Dre- 
hung urn eine vertikale Achse (30, 81) des Teils 
umfaBt, wobei die Festmacher (18). die das Fest- 
machungsteil (12) mit dem Ozeanboden (20) ver- 
binden, an dem unteren Teil (17) befestigt sind, so 
daB der obere Teil (14) und das Schiff (1 1) urn den 
unteren Teil (17) herumdrehen kOnnen, wenn der 
obere Teil (14) in die Festmachungsausnehmung 
(15) in dem Boden des Schiffsrumpfs (16) eingreift. 

1 3. Ein Ozean-Festmachungssystem gemaB Anspruch 
12, wobei die Vorrichtung zur Befestigung des obe- 
ren Teils (14) des Festmachungsteils an dem unte- 
ren Teil (17) zur Drehung urn eine vertikale Achse 
(30) ein kombiniertes Radial- und Drucklager (35) 
umfaBt, wobei sich ein erste Drehdichtung (37) 
unterhalb des Lagers zwischen dem oberen Teil 
(14) und dem unteren Teil (17) befindet, und sich 
eine zweite Drehdichtung (36) oberhalb des Lagers 
zwischen dem oberen Teil (14) und dem unteren 
Teil (17) befindet, urn Seewasser am Eindringen in 
das Lager (35) zu hindern. 

14. Ein Ozean-Festmachungssystem gemaB Anspruch 
12, wobei der obere Teil (14) des Festmachungs- 
teils (12) einen hohlen Ringtank mit einem inneren, 
vertikalen Durchgang und einem auBeren 
Umfangsmantel (78) umfaBt, der sich unterhalb des 
Bodens des Tanks erstreckt, und der untere Teil 
(17) des Festmachungsteils (12) einen vertikalen, 
zylindrischen Tank (34, 91) umfaBt, der eine 
geschlossene Oberseite und einen offenen Boden 
aufweist. 

1 5. Ein Ozean-Festmachungssystem gemaB Anspruch 
14, wobei das Festmachungsteil (12) des weiteren 
eine Vorrichtung (95, 96) zur Ueferung von Druck- 
luft zu dem zylindrischen Tank (91) aufweist. und 
der zylindrische Tank (91) ein Volumen besitzt, das 
vorbestimmt ist, ausreichend zu sein, das Festma- 
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chungsteil (12) an die Ozeanoberfiache zu heben, 
wenn Wasser in dem Tank (91 ) durch DrucHuft ver- 
drangt worden ist. 

16. Ein Ozean-Festmachungssystem gemaB Anspruch 5 
14, wobei die Vorrichtung (35) zur Befestigung des 
oberen Teils (14) an dem unteren Teil (17) zur Dre- 
hung um eine vertikaie Achse (30) ein Radiallager 
(80), ein getrenntes Schublager (82) und wenig- 
stens eine Drehdichtung (37) zwischen dem oberen 10 
Teil (14) und dem unteren Teil (1 7) umfa&t. 

17. Ein Schiff (11), das zur Befestigung an einem unter- 
getauchten Festmachungsteil (12) geeignet ist, 
wobei das Schiff (1 1) einen Schiffsrumpf (16) auf- is 
weist, eine ringf Ormige Festmachungsausnehmung 
(15) in dem Boden des Schiffsrumpf s (16) an einem 
oberen Teil (14) eines untergetauchten Festma- 
chungsteils (12) eingreifbar ist, das durch Veranke- 
rungsfestmacher (18) mit dem Seeboden 20 
verbunden ist, sowie einer Vorrichtung (44) zum 
Anheben des Festmachungsteils (12) aus einer 
Aufbewahrungstiefe in Eingriff mit der Festma- 
chungsausnehmung (15) in dem Boden des 
Schiffsrumpfs (1 6), wobei das Schiff (1 1) des weite- 25 
ren umfaBt: 



18. Ein Schiff (11) gemaB Anspruch 17, wobei die Vor- 
richtung (56, 62, 70) zum schneilen Einbringen von 
Seewasser in den Schiffsrumpf (16) einen ausrei- 40 
chenden Mengendurchsatz liefert, um eine wesent- 
iiche positive Nettoauftriebsbedingung bei der 
Kombination aus Festmachern (18) und Festma- 
chungsteil (12) zu erzeugen, wenn das Festma- 
chungsteil (12) an dem untergetauchten 45 
Bodenabschrritt des Schiffsrumpfs (16) eingreift. 

19. Ein Schiff (11) gemaB Anspruch 17, wobei die Vor- 
richtung (56) zum schneilen Einbringen von See- 
wasser von der Festmachungsausnehmung (1 5) in so 
den Schiffsrumpf (16) eine Pumpe (56), eine erste 
Leitung (57), die einen EinlaB der Pumpe (56) mit 
einer EinlaBOffnung (58) innerhalb der Festma- 
chungsausnehmung (15) verbindet, und eine 
zweite Leitung (59) einschlieBt, die einen AuslaB 55 
der Pumpe (56) mit wenigstens einer von der Fest- 
machungsausnehmung (15) fernliegenden Aus- 
tragsOffnung (61) verbindet. 



20. Ein Schiff (11) gemaB Anspruch 19, wobei die 
Pumpe (56) auch als eine Bugstrahlruderpumpe 
arbeitet, und die wenigstens eine AustragsOffnung 

(61) zwei UnterwasserOffnungen auf gegenuberlie- 
genden Seiten des Schiffsrumpfs (16) nahe dem 
Bug des Schiffs (11) umfaBt. 

21. Ein Schiff (1 1) gemaB Anspruch 1 7, wobei die Vor- 
richtung (62) zum schneilen Einbringen von See- 
wasser von der Festmachungsausnehmung (15) in 
den Schiffsrumpf (16) eine abgedichtete Kammer 

(62) innerhalb des Schiffsrumpfs (16) umfaBt. 
wobei die Kammer ein Ventil (63), das in die Fest- 
machungsausnehmung (15) in dem Boden des 
Schiffsrumpfs (16) Off net, und eine Einrichtung (64, 
65, 66, 67, 68, 69) zur Erzeugung eines Unter- 
drucks in der Kammer (62) aufweist. 

22. Ein Schiff (11) gemaB Anspruch 21, wobei die 
Unterdruckerzeugungseinrichtung (64, 65, 66, 67, 
68, 69) eine Dampfzufuhrleitung (64), eine Beluf- 
tungsieitung (65) und eine Kaltwasserzufuhrleitung 
(66) mit entsprechenden Ventilen (67, 68) zum Off- 
nen der Dampfzufuhrung (64) und der BelOftungs- 
leitungen (65) bis im wesentlichen die ganze Luft in 
der Kammer durch Dampf ausgetauscht worden ist, 
und ein Ventil (69) zum Offnen der Kaltwasserzu- 
fuhrieitung (66) umfaBt, um den Dampf zu konden- 
sieren, nachdem die ersten zwei Ventile (67, 68) 
geschlossen worden sind. 

23. Ein Schiff (1 1) gemaB Anspruch 17, wobei die Vor- 
richtung zum schneilen Einbringen von Seewasser 
von der Festmachungsausnehmung (15) einen lee- 
ren Raum (70) in dem Schiffsrumpf (16) und ein 
Ventil (71) umfaBt. das in die Festmachungsaus- 
nehmung (15) Offnet. damit Wasser in den Raum 
(70) flieBen kann. 

Revendications 

1 . Syst&ne d'amarrag e dans l'oc6an comprement : 

• un vaisseau (11) ayant une coque (16) avec 
une cavit6 d'amarrage annulaire (15) dans le 
fond de le coque (16) ; 

un 6l6ment d'amarrage (12) ayant une parte 
supSrieure (14) pouvant coop6rer avec la 
cavrt6 d'amerrage (15) dans le fond de la 
coque (16) ; 

- une multiplicity de cables (18) raccordant I'6I6- 
ment d'amarrage (12) su fond de l'oc6an (20), 
r&Smerrt d'amarrage (12) 6tant normalement 
maintenu a une profondeur d'arrimage en des- 
sous du fond de la coque (1 6) ; et 

- des moyens (44) pour hisser I'6l6ment d'amar- 
rage (12) de la profondeur d'arrimage en coo- 
peration avec le cavrtt d'amarrage (15) dans le 



10 



eine Vorrichtung (56, 62, 70) zum schneilen 
Einbringen von Seewasser in den Schiffsrumpf 
(16) durch eine EinlaBOffnung (58, 63, 71), die 30 
sich innerhalb der Festmachungsausnehmung 
(15) befindet, so daB der hydrostatische 
Abwartsdruck verringert wird, der auf den obe- 
ren Teil (14) des Festmachungsteils (12) wirkt, 
wenn es mit der Festmachungsausnehmung 35 
(15) in Eingriff kommt. 
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fond de la coque (16), le syst&me 6tant carac- 
t6ris6 par : 

- des moyens (56, 62, 72) pour aspirer rapi- 
dement de I'eau de mer dans ia coque (16) 5 
k travers une ouverture d'aspiration (58, 
63, 71) situ6e k I'int6rieur de la cavit6 
d'amarrage (15) de facon a r6duire !a pres- 
sion hydrostatique dirig6e vers le bas agis- 
sant sur la partie sup6rieure (14) de 10 
I'6l6ment d'amarrage (12) lorsqu'il vient en 
cooperation avec la cavrte d'amarrage 
(15). 

Systems d'amarrage dans i'oc£an seion la revendi- is 
cation 1 , dans lequel les moyens (56, 62, 70) pr6- 
vus pour aspirer rapidement de I'eau de mer dans 
la coque (16) procurent un d6bit suffisant pour pro- 
duire une condition de f lottabilit6 positive pratique- 
ment nette des cables (18) et de I'§l6ment 20 
d'amarrage (12) combings lorsque I'6l6ment 
d'amarrage (12) vient cooper er avec la portion de 
fond immerg6e de la coque (16). 

Systeme d'amarrage dans l'oc6an selon la revendi- 25 
cation 1, dans lequei les moyens (56) pr6vus pour 
aspirer rapidement de I'eau de mer de la cavrte 
d'amarrage (1 5) dans la coque (16) component une 
pompe (56), un premier conduit (57) raccordant 
une admission de la pompe (56) k une ouverture 30 
d'aspiration (58) k I'irrterieur de la cavit6 d'amarrage 
(15) et un deuxteme conduit (59) raccordant une 
sortie de la pompe (56) k au soins une ouverture 
d'6vacuation (61) 6loign6e de la cavrte d'amarrage 

(15). 35 

Systdme d'amarrage dans l'oc£an selon la revendi- 
cation 3, dans lequel la pompe (56) fonctionne 6ga- 
iement comme pompe de propulseur de proue et la 
(les) ouverture(s) d'6vacuation (61) comprend 40 
(comprennent) deux ouvertures sous-marines sur 
des c6t6s opposes de la coque (16) k proximity de 
la proue du vaisseau (1 1). 

Syst&me d'amarrage dans l'oc6an selon la revendi- 45 
cation 3, dans lequel la partie sup6rieure (14) de 
I'6l6ment d'amarrage (12) comprend deux 6I6- 
ments annulaires 6lastiques concentriques (28, 29) 
qui forment des cercles de contact d*6tanch6it6 k 
des emplacements de la cavite d'amarrage (1 5) qui so 
sont respectivement radialement k I'int6rieur et 
radialement k I'exttrieur de remplacement de 
I'aspiration (58) de ia pompe. 

Syst&me d'amarrage dans l*oc6an selon la revendi- 55 
cation 1, dans lequel les moyens (62) pour aspirer 
rapidement de I'eau de mer de la cavite d'amarrage 
(15) dans la coque (16) comprennent une chambre 



herm6tique (62) k I'int6rieur de la coque (16), la 
chambre ayant un clapet (63) s'ouvrant dans la 
cavitt d'amarrage (15) dans le fond de la coque 
(16) et des moyens (64, 65, 66, 67, 68, 69) pour 
cr6er un vide dans la chambre (62). 

7. Systdme d'amarrage dans l'oc6an selon la revendi- 
cation 6, dans lequel les moyens cr6ant le vide (64, 
65, 66, 67, 68, 69) comprennent une canalisation 
d'ali mentation en vapeur (64), une canalisation de 
mise k air libre (65) et une canalisation d'alimenta- 
tion en eau froide (66), avec des vannes respecti- 
ves (67, 68) pour ouvrir la canalisation 
d'alimentation en vapeur (64) et la canalisation de 
mise k air libre (65) jusqu'& ce que tout Pair contenu 
dans la chambre ait 6t6 remplac6 par de la vapeur, 
et une vanne (69) pour ouvrir ia canalisation d'ali- 
mentation en eau froide (66) pour condenser la 
vapeur apr£s que les deux premieres vannes (67, 
68) ont 6t6 ferm6es. 

8. Syst&me d'amarrage dans I'octan selon la revendi- 
cation 6, dans lequel la partie sup6rieure de C6I6- 
ment d'amarrage (14) comprend deux 6l6ments 
annulaires ^lastiques concentriques (28, 29) qui 
forment des cercles de contact d'6tanch&t6 k des 
emplacements de la cavrtt d'amarrage (15) qui se 
trouvent respectivement radialement k I'int6rieur et 
radialement k I'ext6rieur de remplacement de 
I'ouverture du clapet (63) depuis la chambre k vide 
hermdtique (62). 

9. Syst6me d'amarrage dans I'octen selon la revendi- 
cation 1 , dans lequel les moyens pour aspirer rapi- 
dement de I'eau de mer de la cavity d'amarrage 

(1 5) comprennent une cale vide (70) dans la coque 

(16) et un clapet (71) s'ouvrant dans la cavite 
d'amarrage (15) pour permettre k I'eau de s'6va- 
cuer dans la cale (70). 

1 0. Systeme d'amarrage dans I'ocdan selon la revendi- 
cation 1, dans lequel la partie sup£rieure (14) de 
I'6l6ment d'amarrage (12) comprend au moms un 
6l6ment annulaire 6lastique (28, 29) concentrique k 
I'axe vertical (30) de I'6l6ment d'amarrage (12), 
I'glgment annulaire 6lastique (28, 29) venant inrtia- 
lement en contact avec la cavrte d'amarrage (15) 
pour amortir tout impact entre I'6l6ment d'amarrage 
(12) etle vaisseau (11). 

11. Systdme d'amarrage dans I'ocdan selon la revendi- 
cation 10, dans lequel I'6l6ment annulaire 6lastique 
(28, 29) forme un cercle de contact d'6tanch6it6 
avec le fond de la coque (16) de facon que les 
moyens (56. 62, 70) prSvus pour aspire rapide- 
ment de I'eau de mer dans la coque (16) puissent 
vider la region comprise entre le fond de la coque 
(16) et la partie supSrieure (14) de I'6l6ment 
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d'amarrage (12) k I'interieur du cercle de contact 
d'6tanch6ite. 

12. Systems d'amarrage dans I'ocgan selon la revendi- 
cation 1, dans leque) l'6I6ment d'amarrage (12) 
comprend en outre une partie irrterieure (17) etdes 
moyens pour monter la partie superieure (14) de 
r element d'amarrage (12) sur la partie interieure 
(17) pour permettre une rotation autour d'un axe 
vertical (30, 81) de I'element, avec les cables (18) 
raccordant reiement d'amarrage (12) au fond de 
l'oc6an (20) attaches k ta partie interieure (17) de 
fagon que la partie sup6rieure (14) et le vaisseau 
(11) puissent tourner autour de la partie interieure 
(17) lorsque la partie sup6rieure (14) coopere avec 
la cavity d'amarrage (15) dans la fond de la coque 

(16) . 

1 3. Systeme d'amarrage dans l'oc6an selon la revendi- 
cation 12, dans lequel les moyens pour monter la 
partie superieure (14) de I*6l6ment d'amarrage sur 
la partie interieure (1 7) pour permettre une rotation 
autour d'un axe vertical (30) comprennent un palier 
combing (35), radial et de butee, un premier joint 
d'6tanch6it6 rotatif (37) situ6 en dessous du palier 
entre la partie superieure (14) et la partie interieure 

(17) , et un deuxifcme joint d'6tanch6ite rotatif (36) 
srtu6 au-dessus du palier entre la partie superieure 
(14) et la partie interieure (17) pour empecher I'eau 
de mer de penetrer dans le palier (35). 

14. Systems d'amarrage dans I'ocean selon la revendi- 
cation 12, dans lequel la partie superieure (14) de 
I'element d'amarrage (12) comprend un reservoir 
annulaire creux avec un passage vertical interieur 
et une jupe p6riph6rique exterieure (78) s'6tendant 
en dessous du fond du reservoir, et ia partie inte- 
rieure (17) de reiement d'amarrage (12) comprend 
un reservoir cylindrique vertical (34, 91) ayant une 
partie superieure ferm6e et un fond ouvert 

1 5. Systems d'amarrage dans l'oc6an selon la revendi- 
cation 14, dans lequel I'element d'amarrage (12) 
comprend en outre des moyens (95, 96) pour ame- 
ner de i'air comprime dans le reservoir cylindrique 
(91), et le reservoir cylindrique (91) a un volume 
predetermine pour Stre suffisartt pour hisser T6I6- 
ment d'amarrage (12) k la surface de I'ocean lors- 
que I'eau dans le reservoir (91) a ete d6plac6e par 
I'air comprime. 

16. Systeme d'amarrage dans I'ocean selon la revendi- 
cation 14, dans lequel les moyens (35) pour monter 
la partie superieure (14) sur la partie interieure (1 7) 
pour permettre une rotation autour d'un axe vertical 
(30) comprennent un palier radial (80), un palier de 
butee s6par6 (82) et au moins un joint d*6tanch6ite 
rotatif (37) entre la partie superieure (14) et la par- 



tie interieure (17). 

17. Vaisseau (11) adapte pour etre amarr6 k un Pig- 
ment d'amarrage immerge (12), le vaisseau (11) 

s ayant une coque (1 6), une cavite d'amarrage annu- 
laire (15) dans le fond de la coque (16) pouvant 
coop6rer avec une partie superieure (14) de I'ete- 
ment d'amarrage immerge (1 2) qui est raccord6 par 
des c&bles d'ancrage (18) au fond de la mer, et des 

10 moyens (44) pour hisser reiement d'amarrage (1 2) 
depuis une profondeur d'arrimage en cooperation 
avec la cavite d'amarrage (15) dans le fond de la 
coque (16), le vaisseau (1 1) comprenant en outre : 

is - des moyens (56, 62, 70) pour aspirer rapide- 
ment de I'eau de mer dans la coque (16) par 
une ouverture d'aspiration (58, 63. 71) situee k 
I'interieur de la cavite d'amarrage (1 5) de fagon 
k reduire la pression hydrostatique dirig6e vers 

20 le bas agissant sur la partie superieure (1 4) de 

reiement d'amarrage (12) lorsqu'H vient en coo- 
peration avec la cavite d'amarrage (1 5). 

18. Vaisseau (11) selon la revendication 17, dans 
25 lequel les moyens (56. 62, 70) pr6vus pour aspirer 

rapidement de I'eau de mer dans la coque (16) pro- 
curer^ un debit suffisant pour produire une condi- 
tion de flottabilite positive pratiquement nette des 
cables d'ancrage (18) et de I'element d'amarrage 
30 (12) combines lorsque I'6l6ment d'amarrage (12) 
vient cooperer avec la portion interieure immergee 
de la coque (16). 

19. Vaisseau (11) selon la revendication 17, dans 
35 lequel les moyens (56) pour aspirer rapidement de 

I'eau de mer de la cavite d'amarrage (15) dans la 
coque (16) comprennent une pompe (56), un pre- 
mier conduit (57) raccordant I'admission de la 
pompe (56) k une ouverture d'aspiration (58) k 
40 I'interieur de la cavite d'amarrage (15) et un 
deuxieme conduit (59) raccordant ta sortie de la 
pompe (56) k au moins une ouverture d'evacuation 

(61) eioignee de la cavite d'amarrage (15). 

45 20. Vaisseau (11) selon la revendication 19, dans 
lequel la pompe (56) fonctionne egalement en tant 
que pompe de propulseur de proue et la (les) 
ouverture(s) d'6vacuation (61) comprend (com- 
prennent) deux ouvertures sous-marines sur des 

so cdtes opposes de la coque (16) au voisinage de la 
proue du vaisseau (11). 

21. Vaisseau (11) selon la revendication 17, dans 
lequel les moyens (62) pour aspirer rapidement de 
55 I'eau de mer de la cavite d'amarrage (15) dans la 
coque (16) comprennent une chambre hermetique 

(62) k I'interieur de la coque (16), la chambre (62) 
ayant un clapet (63) s'ouvrant dans la cavite 
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d'amarrage (15) dans le fond de la coque (16) et 
des moyens (64, 65, 66, 67, 68, 69) pour cr6er un 
vide dans la chambre. 

22. Vaisseau (11) selon la revendication 21, dans s 
lequei ies moyens errant un vide (66, 65, 66, 67, 
68, 69) comprennent une canalisation d'alimenta- 
tion en vapeur (64), une canalisation de mise & air 
libre (65) et une canalisation d'alimentation en eau 
froide (66), avec des vannes respectives (67, 68) w 
pour ouvrir la canalisation d'alimentation en vapeur 
(64) et la canalisation de mise d air Jibre (65) 
jusqu'S ce que pratiquement tout I'air dans la cham- 
bre ait 6t6 remplac6 par de la vapeur, et une vanne 
(69) pour ouvrir la canalisation d'alimentation en is 
eau froide (66) pour condenser la vapeur aprfcs que 

Ies deux premieres vannes (67, 68) ont 6t6 fer- 
m6es. 

23. Vaisseau (11) selon la revendication 17, dans 20 
lequei Ies moyens pour aspirer rapidement de I'eau 

de mer de la cavit6 d'amarrage (15) comprennent 
une cale vide (70) dans la coque (16) et un dapet 
(71) s'ouvrant dans la cavit6 d'amarrage (15) pour 
permettre & I'eau de s'6vacuer dans la cale (70). 25 
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FIGURE 1 
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FIGURE 2 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6A 
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FIGURE 6B 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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